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An aerobic, Gram-negative, rod shaped and polar-flagellated bacterium,
designated strain MS586, was isolated from soybean rhizosphere in Mississippi. The
taxonomic position of MS586 was determined using a polyphasic approach. Analysis of
the housekeeping genes supported the novel position of MS586. The results were also
supported by average nucleotide identity (ANI) values. Based on these data, it is
proposed that strain MS586 represents a novel species, Pseudomonas mississippiensis,
within the genus Pseudomonas. The type strain is MS586. Strain MS586 showed a broadspectrum of antimicrobial activity against plant pathogenic bacteria and fungi that are
economically important in agriculture. Preliminary studies using transposon-based
mutagenesis showed that the gltB gene was associated with production of antifungal
activity against the indicator fungus Geotrichum candidum. The research findings of
strain MS586 have provided insights into its potential use as a biocontrol agent in plant
disease management.
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IDENTIFICATION OF PSEUDOMONAS MISSISSIPPIENSIS, A NEW BACTERIAL
SPECIES ISOLATED FROM SOYBEAN RHIZOSPHERE
Introduction
The genus Pseudomonas was first described by Migula [1], and strains of this
bacterial genus have been found from natural habitats including plants, soil, animals, and
water [2]. Members of the genus Pseudomonas are known to be Gram-negative, rodshaped, cream-colored, and motile by one or more polar flagella or peritrichous flagella.
Pseudomonas species have great metabolic diversity and nutritional versatility. They may
promote plant growth directly by facilitating resource acquisition or indirectly by
decreasing the inhibitory effects of various pathogenic agents on plant growth and
development and can act as pathogens [3].
The List of Pseudomonas Names with Standing in Nomenclature
(http://www.bacterio.net/) includes 231 species of Pseudomonas as of September 2016.
Numerous methods including physiological, molecular and phenotypic distinctions [4]
and 16S rRNA and multi locus sequence analysis (MLSA) [5] have been used to identify
the taxonomic status of Pseudomonas species. With the accumulation of genomic data,
average nucleotide identity (ANI) values calculated from genome assemblies have been
widely used for taxonomy of bacteria [6]. ANI evaluates a large number of genes,
including some that evolve quickly and others that evolve slowly, in its calculation and
1

reduces the influence of horizontal gene transfer events or variable evolutionary rates.
Therefore, ANI is a highly effective way to evaluate genetic relatedness between two
genomes [6]. Recently strain MS586 was isolated from the rhizosphere of a soybean plant
growing in an area where most plants were infected by the charcoal rot pathogen,
Macrophomina phaseolina. Plate bioassays demonstrated that strain MS586 possesses
striking antimicrobial activities against various plant pathogenic fungi and bacteria.
Characterization of antimicrobial bacteria is essential for development of biologicallybased plant disease management approaches. This study reports that strain MS586
represents a new species of Pseudomonas based on a polyphasic approach.
Materials and Methods
Morphology of bacteria cells and colonies
Strain MS586 was isolated from a soybean rhizosphere sample collected from the
R. R. Foil Plant Science Research Center, Mississippi State University by a standard
dilution plating procedure on nutrient broth yeast extract (NBY) [7] agar medium and
incubated at 28℃ for 48 hours. Gram-staining was performed as described by Murray et
al [8]. Bacterial cell morphology was observed through a transmission electron
microscopy (JEOL JEM-1400) by using a routine negative stain protocol.
Physiological and biochemical assays
Physiological and biochemical tests for characterizing new Pseudomonas species
were conducted as described recently [9]. In brief, carbon source utilization patterns,
nitrate reduction, activities of β-galactosidase and urease were determined by using API
20 NE and API 50 CH strips with API 50 CHB/E medium (bioMerieux, l'Etoile, France),
2

following the manufacturer’s instructions. After incubation for 48h at 28oC, the results of
API 20 NE and API 50 CH were recorded. Cellular fatty acids were identified by using
the Microbial Identification Sherlock 6.1 system (Microbial Identification Inc., Newark,
DE) and the library RTSBA6 [10]. All the experiments were repeated three times
independently.
PCR amplification and sequence analysis of the 16S rRNA, rpoB, rpoD and gyrB
genes
Bacterial genomic DNA was extracted using the cetyltrimethylammonium
bromide (CTAB) protocol [11]. PCR amplification of 16S rRNA[12], rpoB [13], rpoD
[14] and gyrB [15] genes were performed following the methods as described [16] with a
PTC-200 Peltier Thermal Cycler (MJ Research, MA, USA). PCR mixtures included 5.0
μL PCR buffer (5x), 2.5 μL MgCl2 (25 mM), 0.75 μL dNTPs (10 mM each), 0.75 μL
each forward and reverse primers (10 μM), 0.25 μL Taq polymerase (5 U mL-1 Promega)
and 0.5 μL (100ng μL-1) DNA in a total volume of 25 μL. The PCR product was purified
with Wizard SV Gel and PCR Clean-Up kit (Promega, Madison, WI). Sequencing
reactions were performed by Eurofins MWG Operon (Huntsville, AL). A phylogenetic
tree based on partial 16S rRNA gene sequence of MS586 and related members of the
genus Pseudomonas were constructed using MEGA6.06 software [17, 18]. The
evolutionary history was inferred using the neighbor-joining method [19]. MLSA
analysis was based on the method as described previously [16, 20, 21]. A neighborjoining tree illustrating the phylogenetic position of strain MS586 and related members of
the genus Pseudomonas based on concatenated gene sequences (2,230bp) of the three
genes rpoB (808 bp), rpoD (709 bp) and gyrB (713 bp) was constructed as described
3

above for the 16S rRNA gene; P. aeruginosa strain LMG 1242T was used as the
outgroup.
Calculating average nucleotide identity value
The draft genome of strain MS586 was sequenced and assembled as described
previously [22], and the genome sequence data were submitted to GenBank with the
accession number GCA_001594225 (Jia, Peng and Lu, unpublished). In brief, genomic
DNA of strain MS586 was extracted by using the CTAB method [11] and sequenced
using the Illumina HiSeq platform (Illumina, Inc., San Diego, CA). After sequence data
quality control and trimming, sequence data were assembled by using DNAStar
Lasergene software (DNAStar, Inc.) and annotated using PRODIGAL program [23].
JSpecies software was used to calculate ANI on the basis of pairwise comparison [24].
Results
Morphology of bacterial cells and colonies
Strain MS586 is gram-negative, rod-shaped (0.6-0.8×2.0-3.0μm) and motile by
means of two polar flagella. Colonies of strain MS586 were 3.0-5.0 mm in diameter after
24 h of incubation on NBY, light-yellow in color, raised and circular in shape with
undulate edges.
Cellular fatty acid profiles
The majority of fatty acids for strain MS586 are C16:0 (22.9%), summed feature 3
(C16:1ω7c/C16:1ω6c) (23.57%), summed feature 8 (C18:1ω7c/C18:1ω6c) (13.37%), and C17:0
cyclo (10.28%). The similarity of fatty acid profiles supports the affiliation of strain
MS586 with the genus Pseudomonas. The three fatty acids typical of the genus
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Pseudomonas (C10:0 3-OH C12:0 and C12:0 3-OH) were also detected in strain MS586 [25].
The detailed fatty acid profiles of strain MS586 and the type strains of closely related
species are given in Table 1.1. The results show that fatty acid profile of strain MS586 is
different from those of the related Pseudomonas species.
API 20 NE and API 50 CH
The physiological and biochemical characteristics of strain MS586 are given in
Table 1.2 along with those of the closest relatives in the genus Pseudomonas. Glycerol,
L-arabinose, D-ribose, D-xylose, D-galactose, D-fructose, D-mannose, D-fucose, Dglucose, L-arabinose, D-mannitol, N-acetyl-glucosamine, potassium gluconate, capric
acid, melate, trisodium citrate were assimilated in the API system. Nitrate and nitrite
were not reduced.
Sequence analysis of the 16S rRNA, rpoB, rpoD and gyrB genes
Sequence analysis revealed that the nearly full-length 16S rRNA gene of MS586
shared significant identities (99-100%) to those of Pseudomonas species archived in
GenBank. A phylogenetic tree (Figure 1.1) based on the 16S rRNA gene sequence of
MS586 and the related members of the genus Pseudomonas was constructed using
MEGA7 software [17, 18]. The evolutionary history was inferred using the neighborjoining method [19]. Strain MS586 was more closely near to Pseudomonas fluorescens
pf0-1, Pseudomonas jessenii and Pseudomonas agarici [3, 26]. However, more analyses
are needed to further define the taxonomic position of Pseudomonas species. MLSA
analysis was conducted based on previously described methods [16, 27, 28] and used
three housekeeping gene sequences: rpoB (808 bp), rpoD (709 bp) and gyrB (713 bp).
5

The neighbor-joining tree illustrating the phylogenetic position of strain MS586 and
related members of the genus Pseudomonas based on the concatenated sequences of three
housekeeping genes (2,230 bp) was constructed as described above for the 16S rRNA
gene; P. aeruginosa was used as an outgroup. As shown in Figure 1.2, strain MS586 was
clustered with P. fluorescens pf0-1 with the bootstrap value of 100%. The analyses of the
16S rRNA, rpoB, rpoD and gyrB gene sequences of strain MS586 as compared to those
of other members of the genus indicate its novel status in the Pseudomonas.
Average nucleotide identity
The MS586 genome was compared with the genome assemblies of the related
Pseudomonas strains shown in Table 1.3. The species demarcation of 96% of ANI was
used as a benchmark. ANI values ranged from 78.37% to 95.81%, with the highest value
being between Pseudomonas fluorescens Pf0-1 and MS586. ANI 96% is equivalent to a
DNA-DNA hybridization of 70% [24]. The highest ANI value of 95.81% is slightly
below 96% accepted for the species boundary [29]. However, strain Pf0-1 shared less
90% of ANI with any of other P. fluorescens strains. Therefore, the ANI data support that
strain MS586, along with Pf0-1, represents a unique species and differs from the closely
related species. The DNA G+C content of strain MS586 was 60.5 mol%. This value was
in the range of bacterial strains of the genus Pseudomonas [30-33].
Discussion
Physiological and biochemical assays indicated that MS586 shares the primary
characteristics of the genus Pseudomonas. Identification of Pseudomonas species used to
mainly rely on phylogenetic analysis of the rRNA gene sequence [34]. In this study,
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phylogenetic analysis of 16S rRNA gene showed that strain MS586 was similar to type
strain P. fluorescens pf0-1, P. jessenii and P. agarici. A phylogenetic tree based on three
(rpoB, rpoD and gyrB) concatenated gene sequences demonstrated that strain MS586
shared high sequence identities to P. fluorescens Pf0-1and P. koreensis. The apparent
difference from the previously reported Pseudomonas strains indicated that MS586 could
be a new species of Pseudomonas. The highest ANI value of strain MS586 is 95.81%
compared with P. fluorescens Pf0-1, which is closely to the boundary. However, the P.
fluorescens Pf0-1 shared less than 90% of ANI values with other well characterized
strains of P. fluorescens, which indicates that Pf0-1 should not belong to the species.
Therefore, the combination with all of other data mentioned above, strain MS586 is
proposed to be a novel species that includes strain Pf0-1.
Conclusion
The results obtained from the polyphasic approach suggest that strain MS586
represents a novel species of the genus Pseudomonas due to its distinctive phylogenetic,
chemotaxonomic and phenotypic characteristics. Sequence analysis of the 16S rRNA,
rpoB, rpoD and gyrB genes and ANI values demonstrate its distinct characteristics
compared to the closely related species. Physiological and biochemical assays indicate
strain MS586 shared similar characteristics of the genus Pseudomonas. It is proposed that
strain MS586 represents a novel bacterial species Pseudomonas mississippiensis, which
also includes strain Pf0-1.
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Table 1.1

Cellular fatty acid profiles of strain MS586 and strains of closely related
species
Fatty acid

1

2

3

C10:0 3-OH

6.59

3

2.8

C12:0 2-OH

5.51

5.1

2.3

C12:0 3-OH

6.76

4.3

3.4

C12:1 3-OH

2.51

ND

ND

C10:0

0.79

ND

0.1

C12:0

2.9

2

4.7

C14:0

0.6

0.9

0.3

C15:0

0.3

0.4

ND

C16:0

22.91

36.1

29

C17:0 cyclo

10.28

9.8

0.9

C18:0

0.32

0.8

0.7

C19:0 ω8c

1.16

ND

ND

Summed feature 3*

23.57

27.7

38.1

Summed feature 8

13.37

9

17.2

*Summed features represent groups of two or three fatty acids that cannot be separated
by GC with the MIDI system. Summed feature 3 consists of C16:1ω7c/C16:1ω6c;
summed feature 8 consists of C18:1ω7c/C18:1ω6c.
Strains: 1, MS586; 2, P. agarici [35]; 3, P. jessenii [36]. Values are percentages of total
fatty acids. ND, not detected/not reported
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Table 1.2

Differentiating characteristics of Pseudomonas species that are similar to
strain MS586.
Characteristics

1

2

3

Fluorescent pigments

+

+

+

Nitrate reduction

-

+

-

D-Arabitol

-

+

ND

D-Fructose

+

+

ND

m-Inositol

-

-

ND

D-mannitol

ND

+

+

D-mannose

+

+

ND

Sucrose

+

-

-

N-Acetylglucosamine

+

+

+

Glycerol

+

-

ND

Maltose

-

-

ND

Utilization of:

Strains: 1, MS586; 2, P. agarici [37-39]; 3, P. jessenii [36]. +, Positive; -, negative; ND,
not determined.
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Table 1.3

ANI (%) between strain MS586 and closely-related sequenced members of
the genus Pseudomonas

Pseudomonas Species

Genome Accession
Number
GCA_000006765
GCA_000818015
GCA_000585995
GCA_001023535
GCA_000517305
GCA_000759535
GCA_000349845
GCA_000026105
GCA_000262325
GCA_000237065
GCA_000012445
GCA_000009225
GCA_000213805
GCA_000016565
GCA_000510285
GCA_000800255
GCA_000007565
GCA_000756775
GCA_001007005
GCA_000511325
GCA_000931465
GCA_000829415
GCA_000508205
GCA_000316175
GCA_000494915
GCA_000013785
GCA_000012205
GCA_000012245
GCA_000007805

P. aeruginosa PAO1
P. balearica DSM 6083T
P. brassicacearum DF41
P. chlororaphis strain UFB2
P. cichorii JBC1
P. cremoricolorata ND07
P. denitrificans ATCC 13867
P. entomophila L48T
P. fluorescens A506
P. fluorescens F113
P. fluorescens Pf0-1
P. fluorescens SBW25
P. fulva 12-X
P. mendocina ymp
P. monteilii SB3078
P. parafulva CRS01-1
P. putida KT2440
P. sp. 20_BN
P. sp. CCOS 191
P. sp. FGI182
P. sp. MRSN12121
P. sp. StFLB209
P. sp. TKP
P. sp. UW4
P. sp. VLB120
P. stutzeri A1501
P. syringae pv. phaseolicola 1448A
P. syringae pv. syringae B728a
P. syringae pv. tomato DC3000
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ANI (%)
78.99%
78.37%
83.71%
83.60%
80.84%
80.17%
79.09%
80.70%
82.61%
83.87%
95.81%
82.78%
79.64%
79.58%
80.94%
80.23%
80.50%
78.54%
80.61%
81.05%
83.79%
80.44%
82.69%
85.39%
80.50%
78.98%
80.53%
80.68%
80.70%

Figure 1.1

Unrooted neighbor-joining tree illustrating the phylogenetic position of
strain MS586 and related members of the genus Pseudomonas based on
partial 16S rRNA gene sequences
11

Figure 1.2

Neighbor-joining tree illustrating the phylogenetic position of strain
MS586 and related members of the genus Pseudomonas based on three
concatenated gene sequences: rpoB, rpoD and gyrB.
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GENETIC CHARACTERIZAION OF ANTIMICROBIAL ACTIVITES OF
PSEUDOMONAS MISSISSIPPIENSIS STRAIN MS586
Introduction
Biological control is the use of natural or modified organisms, genes, or gene
products, to reduce the effects of undesirable organisms, such as plant pathogens, and
favors desirable organisms such as crops [40]. It is an important component of integrated
pest management. It may also provide control of plant diseases that either cannot be or
are only partially managed by other control strategies. Research on novel biological
control agents could facilitate development of commercialized products.
Antagonistic microbes present in disease-suppressive soils are important
resources of genetic materials for developing transgenic crops and biological control
agents [41]. Soil-borne pathogens do not become established or cause little or no damage
to the host plant in pathogen-suppressive soils [40]. Pathogen-suppressive soils have been
found in fields infected by various soilborne diseases such as those caused by
Rhizoctonia solani, and Erwinia carotovora [42]. Bacterial species of the genera
Pseudomonas, Bacillus, Enterobacter and Streptomyces as well as species of the fungal
genera Trichoderma and Gliocladium are frequently isolated from suppressive soils [43,
44]. Bacteria in the genus Pseudomonas have a widespread occurrence in water and soil.
Some Pseudomonas strains can be used as biological control agents. Since the mid13

1980s, some strains of the Pseudomonas group have been used as seed inoculants on crop
plants to promote growth and increase yields due to their antagonism to pathogenic fungi
and bacteria [50]. Usually the pathogens are suppressed by more than one mechanism.
Antibiotic synthesis, competitions and hyperparasitism are involved in those mechanisms
[45-48]. For example, P. fluorescens applied to cereal seeds or applied directly to soils
might induce systemic resistance in the host plant, so the host can better resist attack by a
pathogen [49]. P. chlororaphis, which produces a phenazine-type antibiotic, helps the
host plants against certain plant fungal pathogens [50]. The antagonistic compound di2,4-diacetylfluoroglucylmethane produced by P. aurantiaca, can also help plants to
inhibit pathogens [51]. Studying the antimicrobial mechanisms is important for
developing new pesticides.
Strain MS586 was isolated from soybean rhizosphere in Mississippi and
preliminary assays showed broad-spectrum antimicrobial activity against common soilborne pathogens which include Geotrichum candidum, Clavibacter michiganensis subsp.
michiganensis Lu-1, Erwinia amylovora 2019, Pectobacterium carotovorum subsp.
carotovorum EC101, and Ralstonia solanacearum MS102. The aim of this study was to
identify the genes of MS586 associated with antimicrobial activities.
Materials and methods
Bacterial strains, plasmids and culture conditions
Bacterial strains and plasmids used in this study are listed in Table 2.1.
Escherichia coli strains JM109 (Promega, WI, USA) and TransforMaxTM EC100DTM
pir+ (Epicentre Biotechnologies, Madison, WI, USA) were used for routine cloning and
plasmid rescue cloning, respectively. The E. coli cells were cultured in Luria-Bertani
14

(LB) medium at 37oC. Nutrient broth yeast extract (NBY) [7] agar medium was used for
plate bioassays of strain MS586 to evaluate antibacterial activity. Potato dextrose agar
(PDA, Difco, Becton Dickinson, Detroit, MI) was used for plate bioassays to evaluate
antifungal activities. Pseudomonas minimal medium [52] was used to exclude any
auxotrophic mutants during mutant screening. Antibiotics were added to the medium at
the following concentrations as required: kanamycin, 50 μgmL-1; ampicillin, 100 μgmL-1;
tetracycline, 25 μgmL-1.
Bioassays for antimicrobial activity
Strain MS586 and its mutant were evaluated for antifungal activities using the
PDA plate bioassays described previously [53]. Briefly, strain MS586 was grown
overnight in NBY liquid medium. Bacterial cells were harvested by centrifugation and
washed once with sterile distilled water (SDW). The cells were resuspended in SDW to
an optical density of 0.3 at 420 nm wavelength (approximately 2×108 CFU/mL), and 5μL
aliquots of bacterial suspension were spotted onto PDA plates. After incubation for 3
days at 28oC, suspension of the fungal pathogen indicator G. candidum, also standardized
to OD420 = 0.3, was oversprayed onto the plates. For antibacterial assays, the bioassay
was conducted in the same manner as for antifungal activities except by using NBY
medium instead of PDA medium. C. michiganensis subsp. michiganensis Lu-1, E.
amylovora 2019, P. carotovorum subsp. carotovorum EC101 and R. solanacearum
MS102 were used as bacterial indicators. The mutants were compared with the wild type
strain for the production of inhibitory zones. Three replicates for the plate bioassays were
performed independently.
15

Random mutagenesis analysis
To characterize the genes associated with antifungal activity, strain MS586 was
randomly mutated using an EZ Tn5 < R6Kγori/KAN-2 >Tnp Transposome Kit
(Epicentre Biotechnologies, Madison, WI). The colonies able to grow on NBY plates
with 100 μg mL-1 kanamycin were picked up for further analysis. The mutant MS5866223 that exhibited reduced antifungal activities against G. candidum was streaked on
PDA and minimal medium plates [54] for further analysis. To confirm that the mutant
contained the transposon, a portion of the Tn5 transposon sequence was amplified by
PCR with primers R6kF2 and R6kR2 (Table 2.1). To confirm that the resulting mutants
were derivatives of strain MS586, the 16S rRNA gene was cloned and sequenced as
described above, and compared to that of the wild type strain.
Localization of the transposon in the genome of mutant MS586-6223
To characterize the genes associated with antifungal activity, genomic DNA of
mutant MS586-6223 was extracted by using the CTAB protocol [11] described above.
The genomic DNA was digested using BamH I, self-ligated and then transferred into
TransforMax EC100D pir+ electrocompetent E. coli cells as recommended by the
manufacturer of the EZ-Tn5 kit. Rescue plasmids containing the transposon were
obtained as described by the kit. Sequencing was performed using primers KAN-2FP-1
and KAN-2RP-1 supplied with the kit (Table 1.1). Sequence analysis of the rescue
plasmids was conducted using the Lasergene software package (DNASTAR, Inc.,
Madison, WI) and NCBI blast analysis (http://blast.ncbi.nlm.nih.gov/Blast.cgi). Sequence
analysis of the gltB gene of MS586 was accomplished using the Lasergene Cloning suite
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version 12. DNA sequences of the disrupted genes were searched against the nonredundant database by BLASTx search.
Results
Antimicrobial activity of strain MS586
Strain MS586 showed strong antimicrobial activities against plant pathogens.
Antifungal activity of strain MS586 against the fungus G. candidum was determined on
PDA plates. Plate assay revealed that strain MS586 significantly inhibited the growth of
G. candidum with an inhibition zone of 25.67±0.27 mm (Figure 2.1). Strain MS586 also
possessed significant antimicrobial activity against other bacterial and fungal plant
pathogens which includes C. michiganensis subsp. michiganensis Lu-1, E. amylovora
2019, P. carotovorum subsp. carotovorum EC101 and R. solanacearum MS102 (Figure
2.2). The significant antimicrobial activities suggest that strain MS586 has the potential
for development of biological control agents and production of antimicrobial compounds.
Identification of the mutant MS586-6223
From three transposition events using the EZ-Tn5 transposon system
approximately 11,000 kanamycin resistant colonies were obtained and tested for
antifungal activity against G. candidum. Preliminary screening resulted in identification
of the mutant MS586-6223 due to a significant reduction in antifungal activity against the
indicator fungus G. candidum (Figure 2.1). The mutant MS586-6223 only produced
41.6% of antifungal activity against the indicator fungus as compared with the wild type.
A plasmid rescue methods was used to obtain plasmid pEZ6223B1, which carries a 2.7
kb genomic DNA insert, from mutant MS586-6223. BLAST analysis revealed that the
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disrupted gene of the mutant shared high identity of 100% to AWU82_RS21905 (the gltB
gene) of Pseudomonas sp. MS586 (GenBank Accession No. GCA_001594225; Jia, Peng
and Lu, unpublished). The gene AWU82_RS21905 was predicted to be responsible for
the biosynthesis of glutamate synthase large subunit. Further analysis showed the
transposon was inserted between nucleotides 288 and 289 of the gltB coding region
Sequence analysis of the gene disrupted in mutant MS586-6223
Sequence analysis showed that the gene disrupted by the transposon is the gltB
gene (Figure 2.3). A 4.5kb flanking DNA region of the transposon that was inserted in
the genome of the mutant MS586-6223 was sequenced from the plasmid pEZ6223B1 by
using the Sanger DNA sequencing method. Open-reading frame (ORF) analysis revealed
that one ORF, which is 4,446 nt in size and encodes a glutamate synthase large subunit, is
disrupted by the transponson. The promoter region (-35 box: TTGTGA and -10 box:
GTGTACAAT) was identified 110 nucleotides upstream from the start codon of the
gene. A typical sequence-dependent terminator was not found at its 3’ end. The BLAST
result revealed that the gltB gene sequence shares 97%-99% identities to its homolog
genes in Pseudomonas fluorescens, Pseudomonas sp. DR-509, and Pseudomonas
chlororaphis in which the genes were predicted for encoding the subunits of glutamate
synthase responsible for the partial pathway of NH4+ assimilation [55, 56].
Discussion
The Pseudomonas strains are ubiquitous environmental bacteria that dwell in very
diverse niches. Species of P. fluorescens are frequently isolated from rhizosphere of
crops and many of them are found to possess antimicrobial activities against plant
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pathogens. P. mississippiensis strain MS586 was isolated from soybean rhizosphere and
showed significant antimicrobial activities against multiple plant pathogenic fungi and
bacteria. Therefore, MS586 has a great potential as a biological control agent. In addition,
understanding the molecular mechanisms of antimicrobial activities of strain MS586 is
important for identification of antimicrobial compounds that can be used as novel
pharmaceutical drugs.
Transposon systems are useful tools for identification of the bacterial genes of
interest. Using the Tn5 transposon strategy, Gu and his colleagues [57, 58] found an ocf
gene cluster in strain Burkholderia contaminans MS14 which was responsible for
antifungal activities through biosynthesis a cyclic glycolipopeptide named occidiofungin.
Using the same strategy [59] Liu found that the secG gene associated with the Sec
secretion pathway is essential for antibacterial activity of Pseudomonas sp. YL23 against
E. amylovora and Dickeya chrysanthemi. In this study, mutant MS586-6223 exhibited
reduced antifungal activity against G. candidum compared to wild type MS586. There
were, however, no significant impacts of this mutation on antibacterial activities against
the tested bacteria (data not shown).
A previous study reported that deletions of gltB yield viable mutants unable to
utilize a wide variety of compounds as sole nitrogen source [60]. The gltB and gltD genes
encode the subunits of glutamate synthase and contribute to the pathway of NH4+
assimilation in cooperation with the glnA gene. [55, 56]. The pioneering work by
Sonawane showed that the gltB gene is essential for utilization of acid amino acids by
Pseudomonas putida KT2440 [61]. In this study, mutation of the gltB gene resulted in the
significant reduction of antifungal activity of strain MS586. The findings indicate that
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NH4+ assimilation pathway is associated with production of antifungal activity. The
reduced antifungal activity against G. candidum of mutant MS586-6223 may be caused
by the limited assimilation of nitrogen sources important for production of the antifungal
compound(s) in the bacterial cells. Therefore, more studies are needed to understand the
association of the gltB gene with antifungal activity. Nevertheless, the results have
expanded our knowledge of impacts of the gltB gene in bacterial functions.
Strain MS586 was isolated from soybean rhizosphere and showed a broadspectrum of antimicrobial activities against bacterial and fungal pathogens that are
economically important. This strain has a great potential as a biopesticide. Deciphering
the mechanisms of antimicrobial activities is important for better use of the bacteria in
plant disease management and development of pharmaceutical medicines. Although more
than 11,000 mutants were screened, no single mutant completely failing to produce
antimicrobial activity was found. The results suggest the biosynthesis genes for
antifungal and bacterial activities are relatively small in size. In the future, we will focus
on genome-wide sequence analysis of strain MS586 as well as other Pseudomonas strains
to identify gene candidates for site-specific mutation using the CRISPR system.
Conclusion
Strain MS586 has strong antimicrobial activities against plant pathogenic fungi
and bacteria. This study reveals that the gltB gene is associated with the production of
antifungal activity of strain MS586 against G. candidum. However, the genes directly
involved in biosynthesis, regulation and secretion of the antimicrobial compound(s),
which may be very small in size, remain to be investigated. More research on genomewide sequence comparison and mutagenesis are needed to fully understand antimicrobial
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mechanisms, which could provide clues for development of strain MS586 as a potential
biocontrol agent for agricultural application.
Table 2.1
Strain Or Plasmid

Bacterial strains, plasmids and primers
Relevant Characteristics

Source

RecA1,endA1,gyrA96,thi,hsdR17, supE44,relA1,D (lac- proAB)/

Promega

Escherichia coli
JM109

F’[traD36,proAB+,laclq,
TransforMaxTM

F- mcrAD(mrr-hsdRMS-mcrBC) w80dlacZDM15 DlacX74 recA1 endA1

EC100DTM pir+

araD139 D(ara, leu)7697 galUgalK l- rpsL (StrR) nupGpirt(DHFR)

Epicentre

P.mississippiensis
MS586

Wild-type strain

This study

MS586-6223

TatA::Tn5 derivative of MS586; Km

This study

pUCP26

Expression vector for Pseudomonas; Tetr

[62]

pGEM-T Easy

Cloning vector; Amp

Promega

pUCP26-gltB

pUCP26 carrying the gltB gene inserted at the MCS;Tetr

This study

pEZ5206B1

EZ-Tn5 carrying the 2.7-kb genomic DNA of MS586

This study

R6kF2

5’-GCCAGCCTAGCCGGGTCCTCAA- 3’

This study

R6kR2

5’-AACTCTGGCGCATCGGGCTTCC- 3’

This study

R6KAN-2 RP-1

5’-CTACCCTGTGGAACACCTACATCT-3’

Epicentre

KAN-2 FP-1

5’-ACCTACAACAAAGCTCTCATCAACC-3’

Epicentre

r

Plasmids

r

Primers

Kmr, kanamycin resistance; Tetr, tetracycline resistance; Ampr, ampicillin resistance
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Figure 2.1

Antifungal ability of strain MS586, MS586-6223 against Geotrichum
candidum

A: Strain MS586, B: MS586-6223
The PDA plates received a 5 µL droplet of MS586 bacterial suspension in the center of
plate and then were incubated at 28oC for 72 h. The plates were then sprayed with a
suspension of G. candidum spores and incubated another 24 h. The reduced inhibition
zone indicates the significant reduction of antifungal activities of mutant MS586-6223.

22

Figure 2.2

Antimicrobial ability of strain MS586 against common plant pathogens

A: Clavibacter michiganensis subsp. michiganensis Lu-1; B: Erwinia amylovora 2019;
C: Pectobacterium carotovorum subsp. carotovorum EC101; D: Ralstonia solanacearum
MS102. The NBY plates received a 5 µL droplet of MS586 bacterial suspension in the
center of plate and were then incubated at 28oC for 72 h. The plates were then sprayed
with a suspension of the incubator strain and incubated another 24 h. The clear inhibition
zones indicate the significant antibacterial activities of strain MS586.

Figure 2.3

Map of gltB gene of strain MS586. The vertical arrow indicates insertion of
the Tn5 transposon in the gltB gene.
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